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Or?e of the main goals of the DQE is to clean up metal gnd radlpnucllde cqntamlnatloq of o ® L|brary 3868, Sample 1, Area 3, FB-075-04-07
soil and groundwater at DOE sites. One possible solution to this problem is bioremediation. c“m”:.?m”’“m
In order to understand bioremediation in contaminated environments, it is first necessary to m jess Sie i Mot Screening Progress
examine the organisms present in these environments and analyze their responses to oo s Random clones from the libraries were end- Lota:.CItI)r:-ends Sequenced 12:: — Sequence-Based Hybridization 26 dlones in sequendin
" . ) 216- iyl . entical Clones A% -
stress conditions on a genetic level. 22 | sequenced. The following are a sample of . : y J
- ' — \ Blast hits from these clones Clones with no Blast hits 155 12.2%
’__—f A ' Random Clone Sequencing 34 clones fully sequenced
Methods: We extracted high molecular weight DNA from organisms present in w oo R Im /
contaminated soil sediment samples using a method which preserves the integrity of the m. et o - s 3.00E-59 gi|47059343| heavy metal transporting ATPase [Ornithobacterium rhinotracheale] _ _ o .
DNA. Because the number of organisms in these samples was low, the genomic DNA was e I/ 3.00E-46 gi|39996434| heavy metal efflux pump, CzcA family [Geobacter sulfurreducens PCA] Sequence analysis of a library clone shows a histidine kinase, response
amplified using a phage polymerase amplification system. 16S rRNA analysis was then & 1.00E-17 gi|48846102] COG1235: Metal-dependent hydrolases of the beta-lactamase superfamily | [Geobacter regulator, and nearby genes.
used to examine the microbial diversity of the samples. The amplified DNA was also used < metallireducens GS-19] gil29338295|gb|AAD76096.1| two-component system sensor histidine kinase [Bacteroides thetaiotaomicron VPI5482]  8.00E-46
in the construction of large and small insert DNA libraries. These libraries were then S pmay o ot e gt i .. 3.00E-38 gi|29611404| FeS-binding reductase-like protein [uncultured bacterium] il60491198|emb|CAH05946.1] putative two-component regulator sensor kinase [Bacteroides fragilis NCTC 9343] 6.00E-44
screened for the presence of histidine kinase genes with homology toa subfamily of & " i Ally , 1.00E-45 gi|53760196] COG0347: Nitrogen regulatory protein Pll [Methylobacillus flagellatus KT] g::2323322:;?}126%11%98311 Ihbntci;:Coornmppoonneenr:tss;fiiteernm sseennssoc;rh?:sst:::l?:'lneeklg:azsee[[BBaiiteerg:lddeesst::?alill)st:c?n:zftlan VPI1-5482] 2gggjg
Desulfovibrio vulgaris histidine kinases. ' R YO N \ 3.00E-24 gi|46131534| COG0715: ABC-type nitrate/sulfonate/bicarbonate transport systems, periplasmic components qil53713475|ref|[YP_099467.1| two-component system sensor histidine kinase [Bacteroides fragilis YCH46] 7.00E-42
[Ralstonia eutropha JMP134] gil60493155|emb|CAH07936.1| putative two component system sensor histidine kinase [Bacteroides fragilis NCTC 9343] 9.00E-42
1.00E-10 gi|62484831| predicted cytotoxic translational repressor of toxic-antitoxic stability system [uncultured gi|49236080|reflZP_00330142.1] COG0642: Signal transduction histidine kinase [Moorella thermoacetica ATCC 39073] 1.00E-36
. s ; . g | - — bacteri
Results: Genomic DNA has been extracted and amplified from nine different sites at the I\ o ~1e-a8 — 4aAEI R a 4:5:::; T : v T Rtk e i s T "
NABIR field research center. 16S rRNA analysis revealed the presence of distinct bacterial =8 Domthrines Smimies - , e Al e ——— R - ——————— gi[29341227|gb|AAD79016.1| malate dehydrogenase [Bacteroides thetaiotaomicron VPI5482] 1.00E-123
phyla, lncludlng proteobacterla, acidobacteria, and planctomycetes. Small and Iarge insert mmmmmm " £ 2.00E-67 (@i|48733601] COG0642: Signal transduction histidine kinase [Pseudomonas fluorescens PfO-1]
libraries were constructed for all samples and examined for clonal diversity. Plaque (@) sample number I 150.216]_ Aciobstne: pococorn SOIEAS giiatiansta] GOS4864: Slgnal transdiction hieticine Kinass [Burkholasria_ ungarumm LBS00)
hybridization of these libraries to histidine kinase homologous probes resulted in multiple @ Hiohu 7 emonmana s e Chiotied 8.00E-21 gi|34104565| probable sensory transduction histidine kinase [Chromobacterium violaceum ATCC 12472] ORF 2 ORF 3
positive clones. These clones will be compared and used to develop a better High NO3 7 218-240 4.00E-21 gi|52003208| two-component sensor histidine kinase [Bacillus licheniformis ATCC 14580]
understanding of cellular responses to different environmental factors. High SO4 e, 5.00E-21 gi|46164990| COGO0642: Signal transduction histidine kinase [Pseudomonas aeruginosa UCBPP-PA14]
oS | depth dininch Note: the diversity refers only to bacteria detected at relatively abundant « .
e e LS levels; see the tree for the conplete diversity associated with each sanple ORF 1 L|brary C|One 3870PT9 P ] | ORF
. . . T Sample 1, Area 3 artia
Conclusion: These experiments have furthered the understanding of how the biological | _ ; 3890bp
organisms in a contaminated system are organized, regulated and linked. This will
ultimately lead to an understanding of the ability of these organisms to attenuate metal and gi[39997424|refINP_953375.1| outer membrane lipoprotein [Geobacter sulfurreducens PCA] 5.00E-19
radionuclide contamination, and help to provide a method for maximizing this attenuation.
B gi|29338296|gb|AAD76097.1| two-component system response regulator [Bacteroides thetaiotaomicron VPI-5482] 6.00E-54
gi|60493154|emb|CAH07935.1| putative two component system response regulator [Bacteroides fragilis NCTC 9343] 1.00E-53
168 rRNA Sequence Data Libl' CI ne Se en in Data gi|53711500|ref]lYP_097492.1| two-component system response regulator [Bacteroides fragilis YCH46] 4.00E-53
ary o qu c g gi|60491197|emb|CAH05945.1| putative two-component response regulator transcriptional regulatory protein
Sa—mL Blastochloris sulfoviridis 700E63
| l.-;i;‘—r\ v 10 [Bacteroides fragilis NCTC 9343]
v ..Ir“J.f' § 8 S GhGaRN Nitrospira L_b 3875 S I 3 A 3 FB 076 01 1 0 gi|48846332|ref|ZP_00300596.1| COG0745: Response regulators consisting of a CheY-like receiver domain and a winged- 2 00E52
® | rary amp = rea = = = helix DNA-binding domain [Geobacter metallireducens GS-15] '
Ge“omes To Life ‘JJJIJ _r,-s_l_r_r_] : d b | Lysobacter antibioticus , , ,
J Z 2 BMraemy::rlh’a:;:TsL:::tllwrans Bacteroides-
70 Agrobactenum rubi nsicola Cytophaga-
8@ ';;fgmmgg*gugggg""m N2 R A % | Flexibacter Rand | ¢ i bt q Total Clone-ends Sequenced 1119
90 N andom clones from the libraries were end- . =
B @ Pedomicrobium ferrugineum ALPHA c%ﬂ:&:?:;;wli . Identical Clones 8 0.7%
Contaminated Microbial Rhodohacier blastius I - ;elaquter?::e?. TI;(; follovlvlng are a sample of R ————— R —
v Legionella sp i aS I S rom ese C Ones.
SO'I DNA C e di e ;il\’/l::gzmental
— Brewndimonas FWC43 groups .
extract FE e 0'3 amp“fy zéf,n:ggmz:::;":“ ?f%gﬁa © 5(25)® 1.00E-11 @i|18977112|ref|NP_578469.1| heavy-metal transporting cpx-type atpase [Pyrococcus furiosus DSM 3638]
.\ > putida nv.OPB 2
DNA s & Clone A%ié’:%%iﬂ‘lbm i D e 2.00E-87 gi|56460133|ref|]YP_155414.1| Predicted extracellular metal-dependent peptidase [Idiomarina loihiensis L2TR]
. ®0 o] 32 (O] 2= Stroplomyces Gouceron e s . ivi i H i i
’ 4 Pgm.wl :EF,”%%MM nnnnnnn T 2.00E-62 qil47571750|ref|ZP_00241799.1] COG1230: Co/Zn/Cd efflux system component [Rubrivivax gelatinosus PM1] } One of the ultimate goals of the DOE Genomics: GTL program is to understand
”"‘“‘e‘“’e‘“w'“"“'- U P SARe32 clinobaciera 7.00E-27 @i|39995602|ref|[NP_951553.1| iron-sulfur cluster-binding protein [Geobacter sulfurreducens PCA] what is involved in a microorganism’s ab|||ty to survive in contaminated
o m«www S " . : i y ;
| Bugansiiezooticeciies B "é - S e 7.00E-07 gil46316764|ref|lZP_00217343.1| COG1561: Uncharacterized stress-induced protein [Burkholderia cepacia R18194] environments while reducing metals and radionuclides. The preceding work
°o© Okge 2N eesasinnigiin 2.00E-11 gi|53685719|ref|lZP_00099333.2| COG5557: Polysulphide reductase [Desulfitobacterium hafniense DCB-2] describes methods for accessing DNA from microorganisms found at
siiinmiia unculturedAl244310 = Planctomyces . . g = . . . . .
355" — AE(?@@ EEAGISAS | 6., 1.00E-85 gi|48855283|ref(ZP_00309442.1| COG0820: Predicted Fe-S-cluster redox enzyme [Cytophaga hutchinsonii] contaminated sites, amplifying this genomic DNA, constructing libraries, and
screen rlllum wlutans .nt‘;me:swmm 3.‘:?,1, . 9.00E-16 gi|46580259|ref|[YP_011067.1| CBS domain protein [Desulfovibrio vulgaris subsp. vulgaris str. Hildenborough] screeplng. these libraries for gene_s -|nv?lved In s.tress response USIng_ a
for bmmmw éﬁ:mm Y 2.00E-12 (gi|48854666|ref|ZP_00308827.1| COG0642: Signal transduction histidine kinase [Cytophaga hutchinsonii] combination of PCR’ plaque hyb”dlzat'on’ and I|brary clone sequencing.
' ' bl consortur 7.00E-20 gi|23012938|ref|ZP_00052912.1| COG0642: Signal transduction histidine ki Magnetos pirill totacticumMS-1 ; s " :
(s awe _wuse | Siress i shucaum —® . i A il IroffeR | gl tranduction histicing Kingss. [Magrelos PRl MagnatoteticUmMa-] » Minute quantities of gDNA have been extracted from nine different
[ . response °°m;:::n’:a‘:z::j [ oo ' 1.00E-12 i|46113064|ref|ZP_00200680.1]| COG0642: Signal transduction histidine kinase [Exiguobacterium sp. 255-15] environmental soil core samples.
- % 5.00E-44 gi|13476679|ref[NP_108248.1| two-component sensor histidine kinase [Mesorhizobium loti MAFF303099]
L DELTA Brewibacillus brevis -
I‘ ) AT @:op S I o ‘F'”“'“”‘es 2.00E-45 gi|37523305(ref|[NP_926682.1| two-component sensor histidine kinase [Gloeobacter violaceus PCC 7421] » An optimized protocol for Multiple Displacement Amplification has been
L . N—— 1.00E-12 gi|46113064|reflZP_00200680.1] COG0642: Signal transduction histidine kinase [Exiguobacterium sp. 255-15] employed to obtain enough gDNA from these samples for library construction.
» 16S rRNA sequences from these genomic samples have been analyzed to
Form fingerprint the microbial community from which the samples were obtained, and to
Pathways analyzed
oy f i y | y ) Genomic examine relationships between sample site and organisms found.
y Tunctional genomics . :
Libraries . . :
» 16S rRNA analysis and library clone sequences from Area 3, which had the
highest level of contaminants, showed a high level of diversity.
16S rRNA Sequence Analysis Library Screening » End sequencing of small insert library clones indicated a large sequence
» Histidine Kinase protein superfamily chosen for sequence-based discovery. diversity and resulted in 34 unique confirmed inserts with histidine kinase
» HKs contain phosphotransfer-mediated signaling pathways that allow cells to sense nemalagy. Sraminaty PORscracning and plaque ybuidization resulos in.2o
Sample Data Sample 1, Area 3, FB075-04-07 Sample 3, Area 3, FB076-01-10 i - J 9p y unique HK clones.
and respond to environmental stimuli.
» HK primers designed based on Desulfovibrio vulgaris, which is a metal and
' = T —— radionuclide reducing bacterium.
L . Background Area . . . g .
S T » Retrieve histidine kinase and response regulator sequences from other g
P . _ P 9 qHENE _ | Acknowledgements
e S et th Proteobacteria in environmental samples by DNA hybridization using D.vulgaris HK
— , ‘ probes.
jeld Research Center & ! ; » »
8 S » Analyze the HKs and adjacenWe%?%é%l fglr’]gurgcltg)r? We would like to acknowledge the following for their contribution
Q D
S S Sense Primer to this work:
NABIR FRC Field S i P g 3 5'-GGCSCAYGARATSAACAACCC-3’
|e amp |ng an s s 1 r—M 50 201 250 . ) . . .
_ . _ 5 =  E— ARETVNC R I DRAL  (175) TR Diversa’s Sequencing group for their phenomenal sequencing effort.
Soil core samples were obtained from the following areas: g e Yy p— AREHNNPLG TROGA DRAL  (176) RIFECrFSTRD AGKGUCHC
g é (1) ————————— LHEINNFLGAL TADL {174) RAFEPFFT:‘IIEVGHGTGLG , . . . . ..
(1) —=------- AHE INNPLS ATAQRA ATDL (179) M R Terry Hazen'’s lab at LBNL, especially Eoin Brodie, Sharon Borglin, and Dominique
] ] (1) ——————= AHEINNPL FSPTL {175) FEPFFTTKAPGRGTGLG . . . . . .
. ~ l) ———————— LHEINNFPL 4D APGL
Backgroupd site: 2 samples at least 1. m (~39 inches) depth. :1: _________ e BN LGN AT R o r e, ic Eiiii?ﬁ%ﬁﬁéﬁ%ﬁ;g Joyner for their help with sample handling and for the use of their radioactive
s ik L lemsrmitirem LIN ISTemn/lN BRiibs NICY ISA1000Nen /N vl 29O Y 0 40001 B B B B B B B B B A 5 v e I e e e = | || 1) ————————— 141 AE E PF PAGSGTGLG
Area 1: high Uranium (U) (>1mg/l), high NO, (>1000mg/l), low pH (3.25-6.5). 8 uchae ol crfrmoome, a0 Forpaieriy-§- R containment lab.
Area 2: high U, low NO, (<100mg/l), neutral pH, higher dissolved oxygen 1 — Aol Ao foroheocs (iaa) —HRTenosanmrMTAN abTorchsAEv HREE i?!ﬁﬁﬁi N
. . . (1} ——————— AHEINSPANA CADLLMEDAFDSA (152) EPRAAGICVSGPWS SFRDTGGGIDPSIRDRYMEPFFTTEGEGRGTGLG i i i
Area 3: hlgheSt U, hlghest NOS’ hlgh SO4 (1000mg/|), |OW pH (<40) {1) ———————————— LHE INNPRNI I NEAG EDLI‘E,IEPD {152) —§IHHGQDEEHDAI LPRUFDFPFFSTRSVGRGHGLG Tamas Torok at LBNL for his help with Sample handlmg'
i . (1) ————————-— LHEINNP EEAGWIEDILADLG (154) -GWALGHN—-———— LORI¥DPFFTTEPVGKGTGLG
Area 4. high U, high NO;, neutral pH F o X i — v f B e e e e e af o H R David Watson at ORNL f e collect
A 5 h h U h h NO t | H e ‘\‘\ *(\0 y - (1) ————————— AHE PL GF LRIARKGE {152) -vI QQRIFEPFFTTRKVGRGTGLG avi atson a or Samp € caliection.
rea o. nig , NIg 3, Neutral p 3N : Y e —— AHE PLNAIR;’I EQGL (153) —RIﬂ SHEGD TWTLSWKDHGCGIPA RECIFQPFFTTKATGQGHGLG
@(b (1) QKEFQAKFHQLEEM AHE PLTATINGFAE KRLR (180) AVI APFRDERHAGFTVRDTGSGIPC'HLHS FEPFFTTKPVG.GIG.G . .
|l Amv~~A iiAaard MANIA AvtvrAaAtiAarna vatAavrAa mAavrfFArimaA~aA Al tlhAamaA AAarArlAA Deqenerate PCR primers des'Qned from conserved reqlons Of ’-'\’_CCTQCTCAACAAQCC\/T(‘CAA_Q’ DOE GenomICS. GTL program for fundlng.
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